Latino groups and as compared with other US population groups and to gain insights into risk and protective factors that not only would benefit the Hispanic/Latino population but the US population as a whole. This study of approximately 16,000 men and women, aged 18-74 years, also investigated dental, hearing, neurocognitive, kidney, and liver conditions and diseases.
The analysis presented here is based on blood pressure measurements from the participants' initial clinical examination and data derived from questionnaires on their personal or family Hispanic/Latino background, education, income, and health insurance. Our goal was to describe the prevalence of hypertension and the percent of those with hypertension who are aware of their condition, are being treated with medications, and have adequately controlled blood pressure. We also examined factors associated with these statistics to quantify their association with levels of education, income, and health insurance. The first results from the HCHS/SOL described the variation in 5 critical cardiovascular risk factors by background group. 4 The analysis presented here examines the hypertension results in more detail, with emphasis on factors associated with treating and controlling this contributor to cardiovascular disease.
METHODS
The design and content of the HCHS/SOL is described elsewhere. 5, 6 Briefly, between 2008 and 2011 the study recruited 16,415 self-identified Hispanic/Latino persons, aged 18-74 years, from 4 communities in the United States (Bronx, NY; Chicago, IL; Miami, FL; San Diego, CA). These sites were selected based on a competitive response to a "Request for Proposals" from the National Heart, Lung, and Blood Institute. While inclusive of the major Hispanic/ Latino groups, the study was not designed to be a national sample of Hispanics/Latinos in the United States. All participants provided an informed consent, and approval was received from the institutional review boards of all institutions participating in this study. Since Hispanics/Latinos in the United States can trace their roots to different countries or ancestral origins, the study aimed to recruit persons who self-identified their backgrounds as Cuban, Central American, South American, Dominican, Puerto Rican, or Mexican. The Hispanic/Latino groups in the United States reside with higher concentrations in certain areas of the country. Consequently, each site in this study has a higher number of 1 or 2 Hispanic/Latino background groups and a lower number of the others. Self-reported race, which was collected in this study, was not reported in these analyses because more than one-third of participants did not respond to this question.
In the defined communities, households were sampled using a probability design to improve efficiency and obtain a representation of the broad spectrum of economic diversity. Specifically, to ensure sufficient representation of older persons, the 45-74 year age group was oversampled because the resident population has fewer older than younger persons. Of individuals who were screened, selected, and met eligibility criteria, 42% were enrolled. Unwillingness to participate could occur at the initial household or person recruitment, as well as in those who agreed and were scheduled for the exam visit but did not show after many phone calls.
The distribution of study demographic characteristics indicated that the resultant sample was diverse in socioeconomic status and backgrounds. Analyses require the use of sampling weights adjusted for nonresponse and result in a population with an age, sex, and Hispanic background that matches the communities. The communities sampled for the HCHS/SOL are in urban areas, and in the United States twothirds of Hispanics live in urban areas of 1 million persons or more and 87% in areas of 250,000 persons or more. [7] [8] [9] Finally, as indicated by data presented later in this article, the comparison of HCHS/SOL with the National Health and Nutrition Examination Survey (NHANES) shows very comparable results, suggesting that there is not significant bias.
Comprehensive research examinations were conducted at a central research site in each community by trained and certified technicians and interviewers. Blood pressure was measured on the right arm using an OMRON HEM-907 XL (Omron Healthcare, Inc., Lake Forest, IL) automatic sphygmomanometer, with the participant in the seated position and the arm resting. Cuff sizes were determined by measurement of the upper arm circumference. Four cuff sizes were available. Three blood pressures measurements were obtained 1 minute apart following an initial 5-minute rest period. The average of these 3 blood pressure values was used in this analysis. If there were fewer than 3 measurements, all available measurements were averaged. Ninety-nine percent of participants had all 3 measures.
Comparisons were made with results from the 2009-2010 NHANES in which similar protocols were used for measurement of blood pressure, except that an automated device was used in the HCHS/SOL study and a standard mercury device was used by NHANES. Some studies have shown that automatic devices such as those used in HCHS/SOL may show slightly lower blood pressures than mercury sphygmomanometers. 10 Here, our analyses included those 16,219 individuals who had no-missing data on average systolic and diastolic blood pressure and self-reported use of blood pressure medication. For income: Counting the income of all the members of your household, was your household income for the year … (select from 10 categories from less than $10,000 to more than $100,000)?
For health insurance: Do you have health insurance or other healthcare coverage (no, yes)?
Variable definitions
Hypertension was defined as average measured blood pressure ≥140 mm Hg systolic or 90 mm Hg diastolic or self-reported use of medications for hypertension in the last 4 weeks.
Participants were defined as aware of hypertension if classified as having hypertension and reported being informed by medical provider that they had hypertension. Participants were defined as treated if classified as having hypertension and reported that they were taking medications for hypertension. Participants were defined as controlled if classified as having hypertension and the measured blood pressure was <140/90 mm Hg.
Statistical methods
HCHS/SOL participants were recruited through a multistage probability sampling design. 6 From a sample of households, members were screened, sampled, and requested to enroll in the study. Because some groups were sampled at a higher or lower rate than others (e.g., older and younger persons), sampling weights were needed in our analysis to make the estimates applicable to the population from which the HCHS/SOL sample was drawn. All analyses used SAS, version 9.2.1 (SAS Institute, Cary, NC), and SUDAAN version 10.0 (RTI International, Research Triangle Park, NC).
To specifically describe the HCHS/SOL cohort, unweighted frequencies of demographic variables were calculated. All other analyses were weighted by the sampling weights. These weighted estimates were for the target population, which consisted of all noninstitutionalized Hispanic/ Latino adults aged 18-74 years and residing in the defined geographical areas (census block groups) across the 4 participating field centers. All unadjusted prevalence percentages were externally standardized to the US 2000 population age distribution in order to make these estimates comparable to those for NHANES 2009-2010 participants. 11 Age-and gender-adjusted hypertension prevalence was calculated using a survey linear regression model. Homogeneity of the adjusted prevalence was tested using an F-statistic.
The percents aware, treated, and controlled were calculated for the target population using the weighted number of hypertensive participants as the denominator. The estimates were also externally standardized to the hypertensive population in NHANES when comparing to the NHANES results. 12 Homogeneity of unadjusted awareness, treatment, and control rates was tested using an F-statistic.
RESULTS
Mexicans were the largest Hispanic/Latino group represented in this study (n = 6,422), but there are more than 2,000 in each of Cuban and Puerto Rican backgrounds and more than 1,000 in each of Central American, South American, and Dominican backgrounds (Table 1) . A little more than a third of participants had less than a high school education, almost one-half had household incomes of ≤$20,000, and more than half of those aged <65 years had no health insurance ( Table 1) .
The overall age-adjusted prevalence of hypertension was 26.1% for men and 25.3% for women. Figure 1 illustrates the increase in hypertension prevalence across increasing age groups for both men and women. Though the confidence intervals overlap, in those aged <50 years, men had higher prevalence of hypertension than women, and in those aged >50 years, women had a higher prevalence than men.
As shown in Figure 2 , prevalence of hypertension varied among Hispanic groups, with the lowest in South American women (17.2%) and the highest in Dominican men (34.3%). Using a full model adjusting for age, sex, and site as main effects, Mexican participants had statistically significantly lower prevalence than each of the other background groups (P values <0.01) except South Americans. Since differences were observed among sites as well as by Hispanic/Latino background, model-based comparisons of site differences within Hispanic groups are shown in Table 2 . Within background group, there were site differences (shown by the P values), with the Chicago site showing lower hypertension prevalence for several of the Hispanic/Latino background groups.
The prevalence of hypertension was compared across education and income levels ( Figure 3 ). The percent with hypertension did not differ by either education or income levels as the confidence intervals overlapped. Table 3 shows the proportion of hypertensive participants who were aware of having hypertension (A), under treatment (T), and had their hypertension under control (C) after model-based adjustment to the target population. For example, among men with hypertension aged 18-29 years, 48% were aware they had hypertension, 19% were under treatment with medications, and 17% were controlled with a blood pressure <140/90 mm Hg. Participants aged <40 years were least likely to be both aware of and treated for their hypertension. The percent aware and treated increased steeply with age. Among men, control of hypertension was the lowest for those aged <40 years, while in women it was lowest in those aged ≥70 years. Differences in A/T/C by background group were seen in men but not in women. Control was as low as 12% in Central American men. There were no differences in A/T/C by education or income. However, higher proportions of hypertensive participants with health insurance reported being aware of their diagnosis, receiving treatment, and having their blood pressure levels adequately controlled compared with hypertensive individuals with no health insurance. The percent controlled in those who were treated can be calculated by dividing the percent controlled by the percent treated in Table 3 . For example, in men aged 18-29 years, the percent controlled among those treated would be 17/19, or 89%. In some groups, the percent controlled in those treated is as low as 50%.
The prevalence of hypertension and rates of awareness, treatment, and control in HCHS/SOL were compared with identical definitions in Hispanic and non-Hispanic whites in NHANES 2009-2010 (Table 4) . 13 To compare with published national estimates, the prevalence of hypertension in HCHS/ SOL was age-standardized to the US 2000 age distribution and the percent of awareness, treatment, and control was agestandardized to the hypertensive NHANES population. The hypertension prevalence in HCHS/SOL (25.5) was very similar to that found in NHANES for Hispanic participants (26.1) and slightly lower than for non-Hispanic white participants (27.4). However, in HCHS/SOL, the percent aware, treated, and controlled was lower than in NHANES Hispanic and nonHispanic white participants. Of particular concern was the percent controlled in HCHS/SOL (37.5) and NHANES Hispanics (40.7) as compared with non-Hispanic whites (56.3).
DISCUSSION
These results have important implications for cardiovascular health in Hispanics/Latinos living in the United States. Since hypertension is a major risk factor for cardiovascular disease, a first goal must be primary prevention and, for those with hypertension, the maximum use of effective control measures. This study showed significant differences in hypertension prevalence among Hispanic/Latino groups, as well as significant differences within these groups by geographic location. Educational attainment and household income were not associated with hypertension prevalence. The proportion of hypertensive individuals who were aware, treated, and controlled did differ by health insurance status.
Of critical concern is the overall low rate of awareness, treatment, and control among Hispanics/Latinos, particularly in younger men. In men aged <40 years with hypertension, slightly more than half were aware of their diagnosis and only 20% had their blood pressure levels under control. Among men of all ages, those with health insurance had higher rates of awareness, treatment, and control. In both men and women, blood pressure control is far from optimal even in those who have health insurance.
The existing literature on the hypertension prevalence among US Hispanics/Latinos is heavily concentrated on those of Mexican background, though there have been some smaller studies in other Hispanic/Latino background groups. A recent report compared hypertension prevalence among those of Mexican background in the Hispanic Health and Nutrition Survey (HHANES) conducted in 1982-1984 with those of Mexican background in the NHANES conducted in 1999-2004. 14 Within each survey, US-born individuals of Mexican background had higher hypertension prevalence than those who were first-generation immigrants (i.e., born in Mexico). Comparing across surveys, first-generation immigrant NHANES participants of Mexican background had similar hypertension prevalence as first-generation immigrant HHANES participants of Mexican background. The authors concluded that longer residence in the United States adversely influences blood pressure, but that new immigrants in the 1980s were similar with respect to hypertension to new immigrants in the early 2000s. The Multi-Ethnic Study of Atherosclerosis (MESA) included US Hispanics aged 45-84 years of various ancestries. 15 Among Hispanic MESA participants, the age-adjusted hypertension prevalence was 37.6% in Mexicans, 43.3% in Puerto Ricans, 52.9% in Dominicans, and 42.1 % in those of other Hispanic/Latino ancestries. These percentages were higher than those observed The results of the HCHS/SOL raise many questions that will be addressed in future research. The variation in the hypertension prevalence by background or center could be explained by a variety of factors including variations in genetics, obesity, diet (e.g., sodium intake), acculturation, or behavioral factors such as activity levels. Diabetes and metabolic syndrome are quite prevalent in this population and constitute avenues for further research in relation to hypertension. As the Affordable Care Act 17 is implemented, there will be potential for research in understanding how changes in health insurance availability impact hypertension prevention and treatment.
Limitations of the study include the smaller number within some of the background groups, for example, South Americans. Also, while none of the Hispanic background groups included were completely homogenous, participants of Central and South American backgrounds include individuals from many different countries, and it is likely that even greater heterogeneity exists within these groups. Hypertension is defined based on measures in a single visit. While this allows comparison with other surveys that use the same methodology, it is not equivalent to hypertension diagnosed in a medical care setting where measurements over a period of time are preferred. Finally, it is important to note that the HCHS/ SOL study population is not a representative sample of all Hispanics/Latinos in the United States but only represents the specific communities from which they were drawn.
In conclusion, while the overall hypertension prevalence in HCHS/SOL was slightly lower than that seen in nonHispanic whites in NHANES, some Hispanic/Latino groups were found to experience markedly higher rates of hypertension. For those who have hypertension, however, there is a substantial gap in diagnosis and adequate treatment and control of blood pressure levels.
The results presented here carry several important messages. First, the Hispanic/Latino population is not a single entity but a highly diverse population with widely varying hypertension prevalence, with some Hispanic/Latino groups lower and other groups higher than for non-Hispanic whites. Of most concern is the low proportion of persons with their hypertension under control. The healthcare community, Hispanic/Latino advocates, health policy makers, and the Hispanic/Latino community at large have a challenging task and responsibility to create tailored strategies to improve awareness, treatment, and control of this significant factor for coronary disease, stroke, and heart failure.
